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A Method of Testing of the Plane Distribution of
Anisotropy

Stawomir Tumaski, Member, IEEE

Abstract—A measuring system for investigation of the sample sheet 8 )

anisotropy of electrical steel is proposed. Both anisotropy of
the whole sample and surface distribution of anisotropy can be
determined. The sample of electrical steel in the form of a sheet
was magnetized by a rotating yoke and the local value of magnetic
field strength was detected. The magnetizing conditions and the
sensor options are discussed. The examples of test of the grain-
oriented (GO) steel are presented.

sensor H

Index Terms—Anisotropy, electrical steel, material testing,
Sensors.

driving
assembly

|. INTRODUCTION ! . - .
Fig. 1. The operating principle of the measuring system.
HE anisotropy is a crucial feature of electrical steel be-
cause it influences the most important steel parameters,
such as losses. In the case of grain-oriented (GO) steel, large
anisotropy results in good performances along the rolling di- In earlier papers [4], [5], a measuring system for testing of
rection. In the case of nonoriented (NO) steel, the anisotrofije anisotropy and texture of electrical steel has been proposed.
is undesirable because it affects the rotational losses. In prdf€ operating principle of this system is presented in Fig. 1.
tice, there are no simple and standard methods to meast@ough the idea of the presented method seems to be very
anisotropy. An obvious method is to prepare a set of stedmple it was necessary to perform hundreds of experiments to
samples cut at various angles with respect to the rolling dire@Stablish the correct working conditions.
tion and test these samples individually. Shirkoohi and Arikat One of the most difficult to solve is the problem of uniform
[1] presented results of investigations of GO steel samples Bignetization of the tested area. The homogeneity of magne-
means of the Epstein method. The tests of a large numberigftion is possible to obtain by using a symmetrical 2C yoke
samples is possible by steel manufacturers but not by ordin&¥ptem with the magnetizing coil directly on the sheet (typically
steel users. used in standard SST systems). But it is impossible to adapt
The use of one sheet sample to test the anisotropy is the b%gih a yoke system for_two_-d|men5|onal (2-D) mggnetlzatlon.
solution. Using the Rotational Single Sheet Tester (RSST)L‘ftsua”y’ er 2-D magnetization a double-symmetncal 2C que
is possible to test anisotropy indirectly (by changing the eIIiy:?—yStem W't_h excnat!on coils on the yokes is used [6]j Th(_a sim-
tically rotating flux) or directly, as it demonstrated Morie® plest solution for this problem is the change of the direction of

al. [2]. The RSST systems are, in general, complicated and &ggnetization by rotation of only one single C yoke, as pre-

. ; L . - -sented in Fig. 1.
PENSIVe. That. is why in this vyork the simpler magnetizing C"S The results of computation of the field distribution in the mag-
cuit was applied. A sample in the form of a large sheet with

. L . netizing circuit shown in Fig. 1 have been presented elsewhere
practically negligible influence of the shape anisotropy [3] Wa[3] It was proved that for typical working conditions (GO steel
chosen. :

magnetized along the rolling direction, NO steel magnetized in

So far, all described methods were used to test the anisotr%{:)%. o )
. . . rbitrary direction) the central part of the sheet was magnetized
of the whole sample. Meanwhile, especially in the case of the

. ) . veéry uniformly. But for GO steel magnetized in the hard direc-
GO steel, the anisotropy changes from grain to grain. Therefo ion of magnetization (55and 90) the distribution of magnetic

it would be useful to investigate also the surface distribution OLidwas very nonuniform. The experimental results of mapping
anisotropy. Such iljvestigations can help in estimating the Ch%hhe magnetic field (the component in the direction of magne-
acter and the quality of the texture. tization) are presented in Figs. 2 and 3.

Fig. 2 shows the maps of magnetic field strength scanned

Manuscript received February 5, 2002; revised May 29, 2002. This work wabove the sheet by means of magnetoresistive (MR) sensor [8].

II. THE MAGNETIZING CONDITIONS
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Fig. 3. The distribution of magnetic field,,.. (a) above the sheet and
(b) under the sheet. The gray scale is the same as in Fig. 2.
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Fig. 4. The change of the magnetic field strength during rotation of the yoke
Hnan (GO steel).
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Fig. 2. The distribution of the magnetic fieltl,,., in the sheet of GO For fixed value (?f the flux denSIty' the magnetlc f'?ld strength
steel with dimensions 30 cx 30 cm placed on the yoke with dimensionswas measured using the sensor mounted in the middle between
9 cmx 9 cm. (a) Sheet magnetized along the rolling direction. (b) Shegite poles of the yoke. Beside the field nonuniformity in the
magnetized across the rolling direction (fixed valueifax = 1.3 T). sheet plane there exists also the nonuniformity in the vertical

cross section. This problem was discussed elsewhere [9]. Fig. 3

. . r
prefers_ the way ou_tS|de the yoke_. Thus, when the steel is tes ?gsents results of investigations of the magnetic field above the
for arbitrary direction of magnetization only the central sma, heet and under the sheet

part of the sheet can be tested. Additionally, the magnetizing ecause under the sheet (between the poles) the magnetic
conditions in the tested area should be continuously controllﬁz id is nonuniform, generally it is not recommended to place

during the rotation of the yoke. the sensor under the sheet [9]. For determination offh&lue
in the whole tested area, thé-coil sensor exhibited the best
performances. Fig. 4 presents the results of investigation of GO
To monitor the magnetizing conditions during the rotation afteel sample by means f-coil sensors placed above the sheet.
the yoke, two orthogondp-coils were wound in the microholes  Fig. 4 presents the dependence of the magnetic field strength
at the central part of the sheet. The signal from Bieoils in  on the angle of magnetization. The hard direction equal fo 55
the feedback circuit was used to control the amplitude and watgpical for the Goss texture) is detectable if the flux density is
of the flux in the tested area. sufficiently large (larger than 1.3 T). Using a sufficiently small

lll. THE MEASUREMENT OFB AND H VALUES
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. o o Fifg. 7. The magnetizing circuit with unmovable yokes.
Fig. 5. The dependence of magnetic field strength on the direction o

magnetization determined in 16 various points of GO st&el= 1 T).

ment was finally chosen: the yoke is rotated and the sensor is
moved in thee, y plane above the sheet (using a separate driving
assembly).

The results presented in Figs. 5 and 6 have been obtained
using a small MR sensor. The MR sensor exhibits several draw-
backs. From the results presented in Fig. 4. it is evident that to
detect the hard axis of anisotropy the magnetic field strength
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s / should be larger than several kilobamperes per meter. That is be-
20 = yond the typical field range of MR sensors [10]. Moreover, if an
‘ § ‘ MR sensor detects the magnetic field inclined from its axis the
0 ; ‘ ‘ ‘ ‘ : orthogonal component influences the result [10]. That is why
30 0 2040 | € 8 100 120 for tests of NO steel the MR sensor was acceptable, but for tests
angle

of GO steel better performances were exhibited with the small
Hall sensor.

The one rotating yoke applied in the presented system enables
sensor it is possible to determine similar dependence but refdle relatively simple comparison of anisotropic features of var-
senting local performances of the steel. This local magneticfiglilis electrical steel samples. But analysis of measurements er-
strength was measured using thin-film Permalloy magnetoregigrs [3] proved that the best solution of the problem of accuracy
tive sensor with dimensions 1 mm1 mm. is to use the stationary double symmetrical yoke system pre-
sented in Fig. 7. The direction of magnetization can be varied
by the change of the number of magnetizing coils turns in both

Fig. 6. The same dependence as in Fig. 5 determined for another sample.

IV. THE SURFACE DISTRIBUTION OF ANISOTROPY

Fig. 5 presents the dependence of the magnetic field stren)é?rlfes'
on the direction of magnetization determined for 16 various
points of GO steel sheet. The points were distanced by 2 mm
(tested area 8 mm 8 mm). (1]

It is almost impossible to say that each curve in Fig. 5 rep-
resents individual grain. Sometimes the tested area reaches th#
border between grains and even if it reaches the one grain the
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